Physiological Markers for UAV Operator Monitoring by Roy, Raphaëlle N. et al.
PHYSIOLOGICAL MARKERS FOR UAV OPERATOR MONITORING 
R. N. Roy, T. Gateau, A. Bovo, F. Dehais, C. P. Carvalho Chanel 
ISAE-SUPAERO, Space & Aeronautics Center, Toulouse, France 
(e-mail: ﬁrstname.lastname@isae.fr) 
 
Unmanned aerial vehicle (UAV) operating is a complex task performed in a dynamic and 
uncertain environment. During UAV operation, the human operator is often faced with diﬃcult 
decisions that have to be made within a limited amount of time and that can result in dramatic 
consequences. A solution to prevent or palliate the drops in operator performance that can result 
from such a task is to perform mental state monitoring and to include the collected information 
in the decision scheme along with the robotic state. In order to design systems that take the 
human operator into account, the mental states that are relevant for this particular type of task 
should be described and assessed in ecological settings. Examples of such mental states are the 
ones related to time-on-task increases -such as fatigue and mind wandering-, and the ones 
related to mental workload -such as memory load and temporal pressure-, as well as automation 
surprise. In particular, as regards time-on-task related mental states, as the systems grow more 
automatized the operators are requested to operate at irregular and interspaced intervals 
(Cummings et al., 2013). Hence, they can be waiting in a very long and monotonous monitoring 
phase. Although UAV operators’ fatigue state has already been assessed at the behavioral and 
oculomotor levels, to our knowledge there is a lack of literature regarding potential cardiac and 
cerebral markers for this particular application field.  
Aims of this presentation: The contributions of this presentation are two-fold. First, a review of 
the potential mental states of interest for UAV operator monitoring will be presented with a 
focus on mental fatigue and mind wandering as reflected by performance. Second, a preliminary 
study to investigate the physiological markers that could allow us to perform an online 
monitoring and estimation of a UAV operator’s performance and engagement will be proposed.  
Methods: To investigate physiological markers of engagement –as reflected by performance-, 
the preliminary study was performed on the data acquired from five volunteers who completed 
a two-hour UAV monitoring task. The task included an alarm monitoring task and a target 
identiﬁcation task using a joystick. Only ten alarms occurred during the session, amongst which 
only seven required an identiﬁcation from the operator. The investigated markers were of 
oculomotor (eye-tracking), cardiac (ECG) and cerebral (EEG) origin.  
Results: In addition to a signiﬁcant modulation of the alpha power, the blink rate and the number 
of ﬁxations with time-on-task, the main results are a signiﬁcant correlation of response times 
with both the cardiac LF/HF ratio and the number of ocular ﬁxations. 
Conclusions: This study paves the way towards neuro-adaptive systems or biocybernetic 
systems as coined by Fairclough (2009). The perspectives will detail specific tools to achieve 
online mental state monitoring called passive brain-computer interfaces (Zander et al., 2011), 
as well as mixed initiative designs. Lastly, ongoing work on the potential use of supplementary 
markers such as eye-fixation related potentials (EFRPs) will be mentioned.  
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